The fundamental aim of chronobiological analysis methods in the field of sport physiology in the horse is to establish the time interval in which the organism gives the best performance. Since it is well known that numerous physiological parameters (electrocardiographic, haemogasanalytic and haemodynamic) vary during physical exercise and influence athletic potential considerably, we studied the periodic variations in the following haematological parameters at a different frequency in 12 horses (6 athletes and 6 sedentary): erythrocytes (RBC), total leukocyte count (WBC), haemoglobin (Hb), packed cell volume (PCV), platelets (PLT), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC). Some of the parameters studied showed periodicity at different frequencies both in athletic and sedentary horses: in athletic horsesinfradian (RBC, PCV), circadian (RBC, WBC, PCV), ultradian (RBC, WBC, Hb); in sedentary horses-infradian (RBC, Hb, PLT), circadian (RBC, PCV), ultradian (RBC, Hb). The results obtained, therefore, can suggest that physical exercise is an exogenous synchronizer which modulates the periodicity of the haematopoietic system and of the functions of the organs involved in athletic performance.
It is well known that many organic functions, such as heart rate, arterial blood pressure, hormone production and body temperature show cyclically fluctuating values. From a practical viewpoint, knowledge of the fluctuations in the various haematic parameters can determine the best moment (of the day, night, week or month) to take blood samples for evaluation of those physiological parameters which are important from a diagnostic, therapeutic and, last but not least, a medical viewpoint.
In fact, chronobiological research applied to sport physiology in humans, has enabled identification of the range of performance variability during different temporal periods (day, month and year).
The study of chronophysiological responses to physical activity, which involve the athlete's whole organism, is a complex matter, as athletic performance is a multifactorial entity.
Therefore, interpretation and chronophysiological evaluation require knowledge of the rhythms of the different functional systems involved.
In particular, rhythmic variations in arterial blood p r e s s u r e a n d s o m e h a e m o g a s a n a l y t i c a n d electrocardiographic parameters in the athletic horse have been studied [13] [14] [15] [16] [17] .
An accurate examination of the specific literature shows that many studies have been made on equine h a e m a t o l o g i c a l p a r a m e t e r s , b u t s t u d i e s o n chronohaematology are scarce. In particular, the influence of such factors as age, breed, physiological state (pregnancy and lactation) on the ultradian, circadian and circannual periodicity of some haematological parameters has been studied, but research on the influence of physical exercise on the periodicity of these variables is rather limited. The knowledge that an intimate relationship exists between blood and global functioning of the animal organism, especially after a physical effort, and the lack of data on haematological temporal organisation in the athletic horse led us to make the present study. It aims to define the temporal chronograms relative to the main parameters involved during physical exercise. In particular, we wanted to study and compare the rhythmic variations at medium (infradian, biologic rhythm with a period between 0.5 hr and 20 hr; circadian, a period between 20 hr and 28 hr, thus a cycle length of about 24 hr) and low frequencies (ultradian, a period between 25 and 35 days) in RBC, WBC, Hb, PCV, PLT, MCV, MCH and MCHC in athletic and sedentary horses.
Materials and Methods
Twelve adult female horses of Sella Italiana breed, from the same stud-farm, not pregnant and divided into two groups of six were used for this study; the animals in the first group, about 8 y.o., followed an exercise programme, while the second group, about 10 y.o., were sedentary and remained in their boxes most of the time, except for a few hours in which they were left free in a paddock. All the animals were placid and used to undergoing blood collections.
For a pre-experimental period of 30 days, before taking samples, all the horses were kept in a single, naturally lit box and fed on hay and oats. Feeding took place at 07.00 a.m., at 12.00 noon and at 6.00 p.m. D u r i n g b o t h t h e p r e -e x p e r i m e n t a l a n d t h e experimental periods the animals in the first group followed a pre-agonistic training programme of three 1hr (16.30-17.30 ) sessions a week, organised thus: 15 min at a walk, 10 min at a gallop (warm-up), 25 min at a trot, two jumps and 5 min at a walk. In addition after the warm-up, twice a week at the same hour, the animals had a simulated competition (400 m course with 10 vertical fences from 1 m to 1.10 m high and a double fence), followed by 5 min at a walk.
Blood samples were taken from all the horses and were collected from the jugular vein, in evacuated collection tubes containing EDTA. The sampling schedule was carried out as follows: to study the infradian rhythmicity, blood samples were collected every 2 hr from 08.00 to 20.00 of the same day (9 June 1998); for the circadian periodicity, every 4 hr from 04.00 to 24.00 of the same day (9 September 1998); and for the ultradian periodicity, every 5 days for one month (March 1998). When the times of sampling and feeding coincided, the former preceded the latter. The times of sampling were chosen in such a way to be done far from the agonistic activity.
Immediately after taking each sample, the following haematological parameters were determined in individual blood samples, with an electronic cellcounter: RBC, WBC, Hb, PCV, MCV, MCH and MCHC. Statistic elaboration of the data for the various temporal periods was carried out on the mean values for the samples taken at the different time points, since the intragroup variance was not significant. We applied a trigonometric statistic model to these values to analytically describe the periodic phenomenon, by individualizing the main parameters which characterise it: Mesor, expressed in the conventional units of the relative parameters with the confidence interval at 95%; Amplitude, expressed in the same units as the relative Mesor; Acrophase, expressed in hours and days with the confidence interval at 95%. The Mesor (Midline Estimating Statistic of Rhythm) is the value midway between the highest and the lowest values for the function best fitting the data; the Amplitude (A) is the measure of one half of the extent of the rhythmic change estimated by the mathematical model best fitting the data; the Acrophase (φ) is the measure of timing of a rhythm in relation to a defined reference time point selected by the investigator (e. g., local midnight for circadian rhythms); it is used for data which can be described by the fitting of a mathematical model and represents the crest time of the cosine curve best fitting the data; it may be expressed in degrees as the lag from the acrophase reference (360°C = 1 period) or in calendar time units (e. g. hours and minutes for circadian rhythms, days or months for infradian rhythms). The acrophase is calculated by the cosinor method, a mathematical-statistical method of describing a rhythm by determining by the least squares method the cosine curve best fitting the data and exploring the presence of a rhythm by examining the null hypothesis for amplitude in an F-test. If a rhythm can be described by this procedure the cosinor yields a rhythm-adjusted mean (MESOR), an amplitude as a measure of the extent of the rhythm and an acrophase as an indication of its timing with variance estimates for each.
Results
The mean values for the haematological parameters studied (RBC, WBC, Hb, PCV, MCV, MCH, MCHC and PLT), expressed in their conventional units of measurement together with standard deviations, taken at different time points, in the athletic and sedentary horses are respectively shown in Tables 1, 2 and 3 and  in Tables 4, 5 and 6. The application of the periodic model revealed periodic variations in RBC, PCV, Hb and WBC for the athletic horses, and in RBC, Hb, PCV and PLT for the sedentary horses. The Mesor, the Amplitude and the Acrophase of the parameters which were periodic are reported in Tables  7 and 8 , respectively, for the athletic and sedentary horses.
In particular, in the horses in the first group, the acrophases occurred relative to the infradian period, at 09.18 (08.02-10.34) for RBC and at 12.08 (09.34-14.42) for PCV; for the circadian period, at 14.04 
Discussion
Our study made it possible to observe, both in athletic and sedentary horses, rhythmic variation at medium and low frequencies in some haematological parameters such as RBC, WBC, Hb, PCV and PLT.
Erythrocytes presented diurnal infradian, circadian and ultradian rhythmicity both in athletic and sedentary horses. Specifically the acrophases were: at The total leukocyte count showed periodicity in the athletic horses only. In fact, in these animals, nocturnal circadian rhythmicity was observed, with the acrophase at 03.12 and ultradian, with the acrophase, on 23 rd March.
Physical exercise modifies the haematological pattern acting principally on the hypothalamohypophiseal-axis, which presents its own periodicity [18] . The repeating rhythm of the training may represent a synchroniser of this activity, which strongly influences the white cell pool.
The packed cell volume showed infradian periodicity with the acrophase at 12.08 in the athletic horses only and circadian in both the athletes and the sedentary horses, with diurnal acrophases at 05.04 and at 08.00 respectively.
Haemoglobin showed infradian periodicity in the sedentary horses only, with the acrophase at 11.30, and ultradian periodicity in both groups, with acrophases on 3 rd and on 17 th March in sedentary and in athletic horses respectively.
Platelets showed infradian periodicity in the sedentary horses only, with the acrophase at 10.10. The other parameters did not show any rhythmicity either in the athletic or the sedentary animals.
In conclusion, all the parameters we studied showed different variations in the two groups, with the exception of RBC. For this parameter, the acrophases were diurnal and almost coinciding, probably because of the considerable influence of the light-dark alternation on erythropoietic medullar activity [10] .
We cannot make any detailed comparisons with other similar studies as the results of haematological s t u d i e s h a v e s e l d o m b e e n e l a b o r a t e d w i t h mathematical periodic models and the few which have been reported refer to different periods (circannual) or to particular physiological states (period of growth, pregnancy and lactation) [5, 6, 8] .
Both the presence [1] and absence [3] [4] [5] [6] [7] [8] [9] [10] [11] of circadian rhythms have been observed in previous chronobiological research into haematological parameters in horses. In particular, in horses fed v ary ing diet s, som e st udies showed circadi an rhythmicity with nocturnal acrophases for PCV and Hb [9] and for WBC and PCV in others [4] . The literature contains observations of variable behaviour for the WBC which was related to the mares being not pregnant, pregnant or lactating: a diurnal circadian periodicity has been observed, with the acrophase at 10.00 a.m. only in the autumn-winter period in nonpregnant mares; no rhythmicity during pregnancy and diurnal rhythmicity, with the acrophase at 7.00 p.m., a month post-partum [8] . An increase in WBC in the early afternoon, after morning physical exercise, has also been reported. This increase, that particularly concerned the neutrophils, might result from different factors such as: 1) drawing of leukocytes from different organs (bone marrow, spleen, lungs, etc.) into the bloodstream due to an increase in circulating blood volume; 2) shift of leukocytes from the marginal pool in response to plasma catecholamine increase, and, as a contributory factor, 3) stimulation of neutrophil production by increased cytokines such as interleukin 1, but in these studies a mathematical periodic model was not used for data processing [19] .
A number of studies report the changes in the haematological pattern that can follow physical exercise. Exercise results in a transitory (few hr) increase in plasma catecholamines, ACTH and cortisol in response to stimulation of the hypothalamohypophyseal-suprarenal axis. Catecholamines cause the mobilisation of erythrocytes and lymphocytes from the spleen, whereas ACTH and cortisol stimulate the neutrophil production and restrain the migration of granulocytes from blood vessels into tissues [8, 18] . The total leukocyte count increases by 10 to 30% depending on the intensity and duration of exercise, but the extent of the increase is not as dramatic as for the red cell indices (RBC, Hb, PCV). The increase in haematocrit is also due to fluid shifts out of the plasma and it is correlated with increasing exercise intensity. Stress in endurance horses during an event is associated with a progressive neutrophilia with a significant left shift and lymphopenia, and their persistence is sign of exhaustion [2, 18] .
Haematological parameters can be influenced, not by physical exercise only, but also by a variety of factors such as breed, sex, age, horse's demeanour and feeding. The splenic capacity for erythrocyte storage has a strongly influences red cell indices. This capacity is closely related to the splenic weight and varies according to breed -higher in thoroughbred than in draught horses -and age -it progressively increases during growth and stabilises in adult horses [18] . With regard to sex, several studies have shown that the haematological parameters are generally higher in mares than in stallions [7] . The horse's demeanour and degree of excitement can also have a significant effect on the resting haemogram in response to the increase in plasma catecholamines. The effect of feeding on the haematological pattern can be substantially turned into an increase in haematocrit, probably associated with salivary fluid production [18] .
In our study, since the animals in the two groups were homogeneous for breed, sex, age and physiological state and experienced the same environmental c on d i t io n s i n th e s a m e s tu d -f a r m ( c li m a t i c, photoperiodic, diet), the differences in periodicity and acrophases observed in the other parameters could be attributed to the differences in physical activity, so that physical exercise could, as has already been observed in man [12] , act as an exogenous synchronizer that modulates the haematopoietic system and the other apparatuses involved in athletic activity. Some of the haematological parameters we studied are monitored during athletic activity since they are indices of performance, and knowing optimal levels for the different time periods could contribute to an improvement in athletic performance, helping in planning the training process and agonistic activity. In particular, if we carried out training and competitive sessions when the horse's aerobic capacity (V • O 2 max, RBC, Hb, PCV) shows the maximal power it would be possible to have the best performance. It would be interesting to conduct further studies which prove how training done at various degrees of intensity, at different times of the day could influence the rhythmicity of the principle variables involved in athletic exercise.
